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OMNZ 2 00039 P 
Provisional Patant Appiication 

IN^«OU> COATING iN MOLTIPI^ IIWEC-nON IWOU>ING PART CAVITIES 

ReldofthelnvenUon B^^fl-o-ndof the lnv«mion 

tOOOl] The present invention relates to in^noW coating mull^e Injection 
n.o,d,ng part cavWes and c»nt«,,ing the How of an infold coating .con,posi.ion that is 
.nieced ,n.o „.«,pte inJec«on molding part cavi«es. More particularty. the present 

Z^l r " " '"^ "-^"^ ^"^'^ - 

™.Me uiiechon n,o«,ng part caviUes and in^W coating the muHipte articles w«h an 

»Hnold coafng composiBon. (2) using only a single injector to In^w coa, „,ur«pte 

thennop^sfc articles andAor (3) contrelllng the flow of .he injected in-mold coatL 

con,posrt,on on the multiple injection molded articles such that the multiple articles are 

on^ coated on desired surtaces or portions of surt^ces. 1^ present Le^oTfln" 

IZrt '^'^ "^"""^ '^'^^ ^-3'- NecBon 

moldmg machine. .nHnokl coadng the two articles wMh an In-mold coating composiflon 

«,n8a single In-mold coating composition injector and con*^,„ng the flow of 
^jected «H,,old coahng composi«on on «,e two artides. The present invention will be 
^ w«, particular reference to this appl,ca«on. However, it Is to he appreciated 
that the inventon may relate to other similar environments and applications. 

Description of the Prior Art 

10002) Molded themioplastic and themnoset articles, such as those made 
fmm polyolefins. polycart»nates. polyesters, polyethylenes. polyprepytenes 
polystyrenes and po^urethanes, are uH.^ i„ numerous applications includii^those 
for the automotive, marine, recreaHcn. construcBon. office prnduCs. and outdoor 
eq-Pment ndustries. Oftentimes, It is desirebie te apply a surtace coafcng to a molded 
them,oplast,c or themwset article. For example, the molded articles may be used as 
one part in multi-part assemblies. To -matoh" the finish of the other parts m such 



assemblies, the molded articles may require application of a surface coating that has 
the same finish properties as the other parts. Coatings may also be used to Improve 
sur^ce properties of the molded article such as unifomilty of appearance, gloss scratch 
resistance, chemical resistance. Weatherabllity. and the like. In. addition surface 
coatings may be used to fecllltate adhesion between the molded article and a'separate 
finish coat to be later applied to the molded article. 

[0003] Numerous techniques have been developed to apply surface 
coatings to molded plastic articles. Many of these techniques involve the application of 
a surface coating to plastic articles after they are removed from their molds These 
techniques are often multi-step processes Involvihg surface preparation followed by 
spray-coating the prepared surface with paint or other finishes. In, contrast In-mold ^ 
o^ing provides a means of applying a surface coating to molded plastics' prior to 
ejection from the mold. In-mold coating can eliminate the separate manufacturing 
process of applying a coating to the article upon ejection from the mold thereby 
reducing the overall cost of manufacturing the article. 

[0004] Historically, much of the work with In-mold coatings has been done 
on molded articles made from thermosets. Themiosets. e.g.. phenollcs epoxies. cross- 
linked polyesters, and the like, are a class of plastic composite materials that are 
chemically reactive In their fluid state and are set or cured by a reaction that causes 
cross-llnking of the polymer chains. Once cured, subsequent heating may soften, but 
will not restore thermosets to a fluid state. 

[0005] More recently, there has been an interest in in-mold coating articles 
made from themioplastlcs. Themioplastics are a class of plastic materials that can be 
melted, cooled to a solid fomi. and repeatedly re-melted and solidified. The physical 
and Chemical properties of many of the themK)plastic materials. togeUier with their ease 
of moldabillty. make them materials of choice In numerous applications in the 
automotive, marine, recreation, construction, office products, outdoor equipment and 
other fiekls. 

[0006] Because of the inherent differences between the materials the 
mold designs and molding techniques used with themiosets are different than those 
used with themioplastics. Molds for use with themiosets are typically designed as 
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~.a^es w«, Shear edges. One haff ,yp,ea,^ ^ta^na^ and tt,e other ha. 

tetesc»pes verticany ^ s«ona,y ha.,. To c^,e a molded arfll 1 
uncun^d «»nno,e, ,s ^ placed on «,e sta«ona,y ha. «i,h me .elescC^ha^ 
moved apart from the stationaiv half After ih^ ..„ .u «'escoping half 

■nnw . • .. ^ **''*®""="f«'*emioset is introduced to the 

mold, heat « app,«d to both of the mold halves and p,essu« applied to 
Wesc^lng half o,«» mold dosing the mold halves and ,6,cing andt^i^ 1 

uncted thermose. against the mold surfece. Thus, the them,ose, alle is ^1 
^ape by «,e movabte moW half bean„g down on «,e ,hem,ose. 

[0007] unlike the design o, the molds typically used with thennosets the 
™ids used With them^oplastics usual^ a^ of a -clam she,|-.«Ke design hav^aL 
halves that meet a, a parting line. One of the mated halves typically rlains ^t^^ 
w^e^as the ot^er ha. of the mold is typ^,^ movable be^l a c J^^Z 
an ^en, ret^Ced position. To fom, a mo^ied article. «,e movable half Is J^f^^ 
closed posrtion and held closed under a clamping force the^by Ibmilng 
-|d».cavi^. «-o...n.he„nop,as.icmateHal..Mc.ed^th::i LX^"^ 
molded art,cle ,s ft,m,ed by tho^ugh^ filling the cavity- with the themSla^ 

ent.. m<^d,„g process, the mcvabte mo« half is mamtalned in Its closed position A^r 
mojd^^the moid ha^^s can be opened and a tmished, mo«ed art.^ L J^^Z 

~ . ""^^ have been used to apply infold coatings to 

molded themioset and themioplastic articles. For example. «,e coatings can t^ 
spread onto the surt.ce of an open mold prtor to Cosing. However, spray irg .^: 
be *me.consumlng and, when the coating Is appHed using a volatle o,ganic lrn" 
may «,u,» the use of containment systems. Other inHnoW coating prolZ ZZ 
^g«»m^w..hap,e.bm»d«^ofcoa«ngpHortomo«ing, TZ," 
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common method of hjecdro a fluM f«rt a,Kl cured. A 

sufficiently *, accept the c-^L ^ *° *^ « ■'^^ "aniened 

parting o,«» mdd Invors^nl! ^« - 

-uffic^ntV nx^ I. av«. tt"'" 

Of the part and the tetescooina mow h.,f ^ ^'^^ ^"'fe*^ 

.Hesu.ceo.-^.aC^zr.rprrrm^^"''"-^^^^ 

mo«ing,ham,opla,tlcs^rj„r2? ' 

n»ld half to te^ " rr " " '° °" ""-^ 

«ne. Fu*e..lt:„tnTelr.::;c.r::^.'*°"--^^^ : 

"^.erta.duHngmoldlnswhichaJnec^Lt.I^Z^r^tT'^ ' 
mold helps to provide a m<,» „nif ^ P"**^ «» 

tobelmpairr '^'^'^•'"""''^'^"^•'^^•■carticlete^ 

pac..jrLrzres*zrrrpri^^^ 

be injected into a mold contain^.T , ""^^ "^"^ '» 
~a., avallah^ l^^s .TZ^ T\ 

P^rtode^LCr^"" "''^"^^•^^^•^^---'^^'"i^^ 
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10012] Because injection molding of thermooFastir^ 

permit the mold to be parted or cracked nriorf!- • ^ ^ ^ ^^"^'^^"y 

cracked pnor to injection of tlie in-mold coatinn inf« «. 

Of «.e mold cavrty and outer surtaces of *e molded themioplasBc article tL 

and appara*« u»d to physically InjeC B» licuid In-mold coaUng I* 

<*ar, .^on mowing machine a. a p^u» sufflcien. ,0 compos ^1^^^! 

31 . 2002. expressly incorporated her«irr by reference. 

t0013J As the in-mold coating is injected into (he mold cavity and onto fh» 

" '^"^ coaang can be cont,o«ed tTtToS 
des,r«d surtaces or portions of surlaces of th. them-optesllc article ^ coated 

contrciied so as to limit the Innnold coating Horn escaping through the pa^^T" ^ ' 
ente„ngthearea„earlhe.fhem,cplasticlniec«onorifice ^ 

describe.""'" ^ ""^""S "ating flow is 

descrrbed ,n commonly . owned, copending U.S. Patent Application LTm 

~:2:7r""'"^^- ™-«^^pp«<^onteach^tL^ 

se^^sly centre the flo«, a.«, thickness of an in^id coaUng composl«on as It is 
^ed »*. a mold cavity and onto a m,*,ed thennoplastic article. Generally the '481 
appNcafon tead^s that l,y controlling «,e thickness or dep«, of various arel 
se^ions o, the mo«ed fl«m,cplast,c article, desired areas 0,1™! ^ be 
"•^^ coated, speciflcally. «» .481 application teaches that a Tided 
art^le .s provwed wim an a,«a o, „ rrear le 1^!!^ 

m-moW coating Injection, ir«,oki coahng flew is promoted WhenTI ^ 
«pmv«edw«hart.nnersectk«orpre.n.dflcwchlei.in-mr^^^^ 
^.rfaoe Of mowed article is premoted. Addiflonally. when the J^ZX ' 
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provided with a containment flanna 4k« a 

10/152.132 entiUed "In MnW n r . Appl.cation Serial No. 

•o^ ennued In-Mold Coating Injection Inlet Flow Control" fiferi nii o« « 
expressly incorporated herein by reference The 'IsLnnT • ' °' 

"flow zones- near the in mow J^- appl'cation teaches the use of 

being co,^u.«, to bTi^ab^ ^ ''^ *^ ^<*«' '^'e of 

[0017] Still yet another method for selectiv*»ri/ r.«n#«.ir • 

[0018] 



jru„„T.r ^^^^^^^ r™"r 

define more than one part cavily When (he ™nM k . ! ^ """^ *at 
mu«p,e articles can he ^f>^ ^^'^ "^"^ 
•ypes Of applications it mav h« T- k, 
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farther desirable to i„H„oI<l coat the muKiple molded themioplastic articles using a 
sinste .n-mold coating ii^ector. Accortlngly, is also a need for an injein 
moMing and mnnoW coating anangement that a»ows thermoplastic articles molded In 
multiple part cavities of a set of mold halves to l« in-mold coated by a single In-mold 
coaling injector. Whether lnH«*l coating with a single infold coating injector or w,th 
multiple in-mold coaling injectors, there will also be a need for controlling the flow of the 
«|ecled innnold coaling composlBon on the mulUple Injection molded articles such that 
the artidee are only coated on desired surfaces or portions of surfaces. 

Brief Summary of the InvanHnn 
10019] The present inventian pn>vides an injection molding and in-mold 
C9at«,g arrangement that overcomes the foregoing difliculHes and others and provides 
the aforementioned and other advantageous featores. In accordance with one aspect 
Of the pnssent Invention, an Injection molding and innriold coating arrangement is 
pnWKled for injection molding multiple themraplastic articles in multiple part cavities of a 
set of mold halves and in-mold coating the multiple articles. More particulariy In 
ac»«iance with this aspect of the invention, the arrangement includes an InjecBcn 
n«^d«ig appamtus that is capable of injection molding multiple themioplastic articles 
wuhin a single set of mold halves by providing multiple molding part cavities defined by 
the mow halves. The an^ngement farther includes an in-mold coating apparatus that is 
capable Of in-mold coating the multiple injection molded themioplastic articles. 

[0020] accordance With another aspect of the present irwention, an 
injectron molding and in-mold coating arrangement is provided for Injection molding 
multiple themK,plastic articles In multiple part cavities of a set of mold halves and in- 
moid coating the multiple articles. More particularly. In accordance .with this aspect of 
the .mention, the arrangement includes an injection molding apparatus that is capable 
of .n^cfon molding multiple themioplastic articles within a single set of mold halves by 
providing multiple molding part cavities defined by the mold halves. The arrangement 
further includes an in-mold coating apparatus that is capable of innnold coating the 
™*ple injection molded Ihemtoplastic articles using a single in-mold coating injector 
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injeofcn molding appaWus. « ^ s« of.moW halves on an 

singte infection n,oldhg appanrtus vn^^ °' '""'^ "^'^^^ « 

aninieo«on^i,r::nr«'.2::r'''^ 

q«an«y Of nK.lded and cZTL^T tt,a. is abie ,o p„«,u« a higi^r 

-co™ aT^l. tots?ir:ra;~ ^ 

<b«owi^ detailed descdption ^ '^^""fl a- unde^tanding the 

Bilef Description of th. nr^wi^., 
an^genjr^f J::^"Z7 '^^ '^"^ 
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D etailed Pwcri Bgon^^ajejnvg;^ 
[0030] With raferenoe to Raum i^ 

m^chrne 10 is Shown including a ftst^oldL 12 and r,""?™' """""^ 
-Id ha., 12 prefer,,, ,„ ^ o, fl „ T 

movable mold half 14. In Figure , ZT^ m ' " '° ^ 

posiflon. ■n»nK,vablen,old terr4 isl ^ " 

second nK„d hah«s llT^ 1 1^'? ' """"" 

18 and 20 When *e nK««b,e moW h^4 ^TnTcr 
a dan* ac*,atar 2b1ZTC^,TJ^ 7^" ' 

Know„..ea.^^c.„:nrrrr~ 

have an operating pressure in excess of H» „ ^ "nechanem 24 should 

one o, a ms. con.posi«on in^^^ 1!! ""'T " by either 

P»..neden,bodin»nt,.hepCu?e:el^Z:^r''.'^ 
.enera., flon, about 2,000 pounds : uTre T 
or 1033 bar. preferably from about 4,000 psi or 276 tel T^. 
and more preferably frem about 6,000 i^lTr 4 3 It k 

the mow surface. ' "° " bar to about 10.000 psi or 689 bar of 

10032] With additional reference to Figure 2 th» -ow k . 
shown in a closed oosidnr. =h,-.- " ™ """^ """^ ^2,14 are 

cavity 36. I, Should be readiV u«te,stood by «K,se s^lTl " "^"^ 
each Of ^ par. cavi«es 34,36 can va,y gl^^ 1 aT °' 
desired end product or artlcie ta iv. I. T . ^ according to the 

AddKiona,V,«LnumbJof^el^,T"' In each of the part cavities 34,36. 
.he iiius.ra.ed en-b^il^r^r^.Z^^l^^'- "'^ 
runner section 40 for fluldiv comm.. • « ^"^^ passageway 38 and a 

located atthe rear ^1,^^^^^^^^^ ^" '"'^^ - ^ -ting ring 44 

tne moid haff 12 and the part cavities 34.36. The ideating ring 44 
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bo desonbed in moiB detail below.. i <-'or juaswiu 

appa^tusS I, '"'^ 30 0,at ofa typical injecUon molding 

^ZTt "7 *> °f """"ary sm in ,he art The con,posi«on 
mjector 30 « gene^lly capable of injecting a tl,em,oplastic composition genLlly a 
^ or polymer, into «,e par. cavities 34.36 by forcing tt,e t„ennoplasticZSon 
T «rs, injector 

12 of the mow and the second composiHon injector 32 is positioned to inject anl^oM 
coatmg composition ftom the movable mold half 14 -nject an .nMnoW 

-^n so thata no., or ^in o.,et^4::;:: Lz^a 

surtSee can mate «,ith the female radius surface of the mold half 12 VT 
posiuon. .e injector 30 . capable o, .JecUng «s 000.1^ thTm^d H 
trough the spme passageway 38 and the ,.n„er section 40. Por TZ^'Z 
^u^fon only the ,rst compos«on inject 30 is shown as a t^dprnZ^ 

50 can ^„ a heated extn^r banel 52, whate *IZ 

«mpos*on or matertai is heated above its meMng point A. «,e heated ^ 
^.llects near me end of the bane. 52. the sc»„ SO acts as an inJecHon ^ and^Ts 
the matenal th™.gh the nozzte 46 and Into the first mold half 12 The 
cpHonal, has a valve (no. shown, at the open end «»,eof and l scJX .^^ 
has a no.jen,m vaK,e (no. shown, to p^ven, the bacMtow of matedal the^into 

r0O35) The fl-st composMon injector 30 is not meant to be limited to the 

^ - any apparatus capable JZ^H 
*emK,plas«c composition into the mold cavities 34.36. For example, the injeln 

IT^tLrr "^T T"^- ^ '^'•^ "-hines mcude 

^ IZn^Tr r - <" Cincinnat.-, Ohio; Battenfeld 

>^ Molding Technotogy of Meinle-zhagen, Gem,any: Engel Machine,y Inc of 
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York, Pennsylvania: Husky Injection Molding Systems Ltd of Bcltnn n w 
Machines inc. ofBcton.PennsylVaniaand others " ""'""'^^ 

[0036] With reference to Fiqures 2 anri tho „. 
an upper T.^pe<. po..„ a4 3 Z ZZZ^ZeT^J 
thennoplastle compos«on injected *™ugh me spn,e 38^^! ^ 
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[0039] With reference to Figure 4, an in-mold coating dispense and control 
apparatus 70 is capable of being connected to the molding apparatus 10 and 
specifically, the second injector 32 for providing in-mold coating capabilities and 
controls. The control apparatus 70 is described in the above-referenced commonly- 
owned, co-pending U.S. Patent Application Serial No. 60/422.784 entiUed "Dispense 
and Control Apparatus and Method for In-Mold Coating an Injection Molded 
Thermoplastic Article" filed on October 31, 2002. 

[0040] Briefly, the control apparatus 70 includes a receiving cylinder 72 for 
holding an in-mold coating container filled with an In-mold coating composition. A 
suitable in-mold coating composition Is disclosed in commonly owned. U.S. Patent No. 
6.777.053 entitled "In-Mold Coating Compositions Suitable As Is For An End Use 
Application" issued July 7. 1998. expressly incorporated herein by reference. The 
control apparatus 70 ftirtiier includes a metering cylinder or tube 74 and an air-driven 
transfer pump 76. The metering cylinder 74 is selectively and fluldly connectable to'the 
coating container in flie receiving cylinder 72. More specifically, a fluid line (not shown) 
connects the coating container to the metering cylinder 74. A valve (not shown) is 
provided on the fluid line for controlling communication therethrough. The transfer 
pump 76 is adapted to selectively pump ttie In-mold coating composition of tiie coating 
container to the metering cylinder 74 when tiie fluid line valve is in an open position. 

[0041] Using conventional fluid communication lines (not shown), the 
metering cylinder 74 is fluidly connectable to the second injector 32 of the molding 
apparatus 10. A hydraulic means such as a hydraulically driven piston (not shown) is 
provided for selectively evacuating in-mold coating composition held in the metering 
cylinder 74 therefrom as will be described in more detail below. The evacuated In-mold 
coating composition is directed by and ttirough the fluid communication lines to the 
second injector 32. The control apparatus 70 includes appropriate connections (not 
shown) for connecting the control apparatus 70 to a conventional electric power source 
and a conventional compressed air source. Specifically, tiie control apparatus 70 
includes an electric box 78 ttiat is capable of being connected to a conventional 460 volt 
AC or DC power outlet. The electric box 78 includes a plurality of controls 80 and a 
touch pad controller 82 thereon for conti-olling \he dispensing of the in-mold coating 
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first composition is olaced in tho h«,^„ >.« wermoplastic 
H aon IS Placed in the liopper 48 of tlie mofding apparatus 10 «?..»»ki« 
thennoplastic materials include but are not limit^n ♦ . ! ^ 

*evanous««™,p.as«ema,er.afeueeft,Hn.hep,ac«ceo,fl„,nven«o„ 

^. are closed by the damp mechanism 24 to create the contein^w 
n»«.ng part cav«es 34,36. ,„ .he dosed posBion, *e c^nJ^J^^ 

52andJT ""^"^ ""^"^ ' heated extruder barrel • 

composition to pass thiough the spme passaqewav and Z 

part cavities 34 38 n,. . Passageway and the runner section to fill the 

part cawttes 34,36. The screw SO provides an injection pressure or force that ume, fh» 
nrst «,.„posl«on Into the part cavities 34.36 un«, no^e valveTr^leZ «s 

-r n. r^ir : — i - 
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A portion o,*e te, composHion will «main in sprue passageway 38 and the runner 
section 40 fbnning therein, respectively, a spme and a runner. 

(004SI After specified surfaces of the molded articles In the part cavWes 
34.36 have cooled l»low their melt points or othe™,ise reached a temperatuie or 
modulus sufficient to accept or support an Innnoid coating, the infold coating 
composihon can be injected Into the part cavities 34.36 and onto the molded articles If 
the .n™id coating composition is cured by heat then it would be desiraWy ir<ecied 
before the surfaces of the molded articles have cooled too much such that cudng would 
be ,nh,bited. To inject the coating, the valve 66 is moved to the open position and the 
hydraulic means Is actuated to evacuate a predetennlned amount of the in-mold ceatind 
composlHon from the metering cylinder 74. through the second Injector 32. and Into the 
part cavities 34.36. More specifically, fiom the second Ir^ector 32. Ihe.in-mold coaUng 
composition is directed through the nozzle 64 and onto the flat portion of the runner 
adjacent the location 68. As descrtbed in more deta( below, the infold coating 
composition is directed along the mnner section 40. and into the part cavities 34 36 to 
coat desired surfaces of the molded articles. The flat portion promotes the flow the 
in-moM coating composition into the cavities 34.36. 

t0046J " is Important to note that the mold is m>t opened or undamped . 
before the infold coating is applied. That is, the mold halves 12.14 maintain the 
parting l«» 22 and generally remain substantially fixed relative to each other while both 
the first and second compositions are hjected Into the mold cavities 34,36. TOe in-mold 
coating composition spreads out and coats a predetemiined portion or area of the 
molded articles as win be described m mom deta» below. Immediately or very shortly 
after the in-moW coating composition fe fully injected into the mold cavities 34 36 the 
apparatus 70 allows the valve 66 of the second injector 32 to return to its closed 
position thereby pnavenBng further injection of the in-mold coating composition into the 
mold cavHies 34,36. 

[0047]. After the predetemilned amount of the in-mold coating composition 
« .njected Into the mold cavities 34,36 and it covers or coats the predetemiined areas of 
«» articles, the coated articles can be removed from the mold 12.14. However, before 
the mold halves are parted, the in-mold coating composlHon is cured by components 
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present Within the coating composiUon. Th. oure is op»onaily heat activated ,r 
sources including the articles themselves or the n,old talves loT,^^' 

levea. These types of in-mold coating compositions require a minim, 
discussed and incorporated bv r*»fer«n.« k ^ applications. 

r4^„Tren "^^^ ^^^^ second iil^ 

:rr:r:arir~-----^--'-''- 
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would employ separate In-mold coating injectors and/or control and dispense apparatus 
for each cavity defined in the mold halves. Yet another arrangement would employ a 
single injector adapted to provide in-mold coating to part cavities located In different 
sets of mold halves. These arrangements and othere are to be considered within the 
scope of the present invention. 

[0050] Further aitemative arrangements are contemplated. In one 
alternate embodiment, the in-mold coating injector 32 is mounted on the first mold half 
12 and in^Dold coats a side of the ninner fomied In the runner secUon 40 adjacent the 
first mold half. Alternatively, with the second Injector 32 mounted on the first mold half 
12. the in-mold coating composition could be directed through the mold half 12 to the 
spnie fomied in the sprue passageway 38. Various arrangements of containment 
flanges could be fbmied along the spme passageway 38 and the runner section 40 to 
direct the in-mold coating composition injected into the sprue to the part cavities 34 36 
In another alternate embodiment, the second Injector 32 could be oriented to directly 
inject the In-mold coating compositions onto a desired surfece of one of the articles 
Ibmied in the part cavities 34.36. The In-moW coating composition could then be 
directed to coat that article «nd flow along the runner formed in the mnner section 40 to 
in-mold coat the article fomied in the other of the part cavities 34.36. In still yet another 
aitemative embodiment, the second injector 32 could be used to deliver the in-mold 
coating composition direcUy to a plurality of locations on any combination of the article 
fomied in the first cavity 34. the article formed in the second cavity 36. the sprue and/or 
the runner. The second injector 32 would deliver the in-mold coating composition to the 
plurality of locations by using passages that branch off one another. 

[0051] The invention has been described with reference to the prefened 
embodiments. Obviously, modifications and alterations will occur to others upon 
reading and understanding the preceding detailed description. It is intended that the 
Invention be construed as including all such modifications and alterations. 
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